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Learning control for nonlinear systems with unknown control direction
and unknown time-varying delay
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Abstract: In this work, we propose an adaptive iterative learning control algorithm for a class of nonlinearly parameter-
ized systems with unknown control direction and unknown time-varying delay. The existing unknown time-varying delay
is well resolved by using parameter separation method and signal replacement mechanism in the process of the design,
and the lack of a priori knowledge of the control direction is also dealt with by the Nussbaum-gain technique incorporated
into the control design. Moreover, both difference and differential updating laws are configured for the estimates of the
unknown time-varying parameter and the constant parameter. Then based on a constructed Lyapunov-Krasovskii compos-
ite energy function, a sufficient condition of the convergence of the system error asymptotically along the iteration axis
and the boundedness of all signals in the closed-loop system is given. A simulation example is presented to validate the
effectiveness of the proposed control method.
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Ft % 5] B E Bi(Appendix Proof of Lemma )
SIELIER AT IIE, B SRR
bmax = max{|b—|, [b4|}, bmin = min{[b_], [b+},

kj
Vi(ki kj) = fk (b(o)v(k(0)) + 1)dk(o) =
[ ®lo) k(o)) + Di(o)do, )
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Hr: k; < kj, o € [t 8]
FIRBARER(b - a)y < [ f(@)de < (b - a)l, It

a

il :a%r;fgbf( x),la = sup f(z), ATLAZ

a<z<b

=

[Vi (Ko, k1)| <

(k1 — ko) sup
o€[to,t1],k€ko,k1]

(k1 — ko)(bmax sup |v(k)|+1). (a2)
]{:E[k‘g,kl]

b(a)v (k) + 1] <

%1 & Nussbaum B8 ¥ v(k) = exp(k?) cos( k) 7E [X ]

(4m — 1,4m + 1) ERTZE, ££X 8] (4m + 1,4m+3)/J\?T
neN. Ilﬂﬁlﬁl ARSI RIR N

0 < V() < co+ Vi(k(0),k(t),Vt € [0,t¢].  (a3)
Rk ZTCIFN, A FEZEHMIEN: 1) k(t)EH
5 2) k() BA RIS ARSI E AR R TR LR
B, 3 SR B T BB I
FIFEN: k()X 0, te] LA LS. EH MM
T, —EAAEAN ARG P8t M ey, PRI

—k(0)}, k(tn)=kn,

lim kyp=o0.
n—oo

ko = max{k(0),

li_>m tn=ts,

58, B b)) < ORITE L. R Bdm — 1 > ko, 2 [ko,
kmi] = [ko,4m — 1], <)

2
Vi (Ko, km1)| <(km1 — kO)(bmaxe(4m_1) +1) =

@m=1% 41, (a4)

Im1bmaxe

HAl,,1 =4m — 1 — ko.
j“jV(k‘)>O, Vk € (kml,kmg) =
A AR 3]

(4m —1,4m + 1),

O (ko)) k(o) +

Adm—cm1

[ dk(o), (a5)

4m—1

Vb(kmla ka) <

Hrbe,,1 € (0,1). ATRAEHb(E) < —bmin, HIEEH

Vi (km1, km2) <

2C?nl (_bmin inf
ke€(km1,kmz2)

v(k))+2=
— dppre®mem)” 4o (a6)

HAddn = 2¢m1bmin cos(ﬂ-c;1 ) > 0. [RSEAR 4 P BN 2,
T LA E

Vo(ko, kma2) =
e(4m—1)2l

Vi(ko, km1) + Vo (km1, kme2) <
e(4m—Cm1)2 +la42<
((17(;,“1)2+2(4mf1)(17cr,11)))+

ml bmax - dml

2
e(4m71) (lmlbmax —dm1e

Iy + 2. (a7)

FH1 — ey > 0, e B TH E Lome P, 7T, 281 4L
Fm, FE2m — oo, Vi (ko, kma) — —o0.
SRIG, ZREb(t) > OFE UL, T LA A &, 78 IX i)

[k07 ka] = [k07 4m + 1], ﬁ
[V (Ko, km2)| < (km2 — ko) (bmax sup v(k)+1) =
]fe(k07k'm2)
l7n2l7maau)ce(4m—~_1)2 + a2, (38)

Hrbl0 =4m + 1 — ko.

Vk € (kma, km3) = (4m + 1,4m + 3), v(k) < 0, A[f3

4m—+2+cm1

Vlkma, k) < [, " " b(o)w(k(o))dh(o)+
4m+3 dk 9
j4m+1 (o). (2)
b(t) > byin, A
Vb(km27 kmB) < 2Cm,l(bmin sup V(k)) +2=
ke(km,27k'm3)
_ dee(4m+2fcm1)2 +2, (al0)

ﬁ\:qjdmg =dmy,1 >0, ﬁtﬂu?%%”

Vi (ko, k3) = Vi(ko, k2) + Vi (km2, km3) <
e(4m+1)2 (lmemax — dm2e((1_Cm1)2+2(4m+1)(1_0m1)))+
lmo + 2. (all)

Mm — oo, Vb(ko, kmg) — —OQ. é/j:'ijlﬁﬁji, Z:i@b(t) >
0, i&/2b(t) < 0, X T-K(a3), #nl AR BIPIAN T3 T o7
J&. ATCA, k(t) —H L.

FE2MELL: k(¢)FEIXTA] [0, t¢] BIA T

Bw=—k, \J AR Blw(t)&E LR B Tr()—400
THREL, A

0<V(t) <o — Ji (b(o)w(w)i(o) + 1)do =
co — Vp(w(0), w(t)). (al2)

B, — 52 A7 AE DA 5 38 38 Bt A wn, wo =
max{w(0), —w(0)}, wn =w(tn), 1 1§ li_>m tn =tg, li_>m wn,
= oo. MU EE LAPIGHLIIE BT AR, S a) ARSI PTANF JE 1)
A1, Rlitbw () FEX A0, tr] B B BAw = —k, AT DAHE
Hik(t )flil‘ﬁﬂ[o tf]LﬁT?%

BRI, k(¢ %nf
EEE.

e A
ZEIED (1989-), B3, WA FCAE, HATRFT T 16 B &M% ] 5
22315, E-mail: liguangyinxnld@ 163.com;
B B (1980-), B, Wse, HErir sy AR
ML GE | 5 5 B A PR L GISTS B R 48 H 3h 46 15 il 45, E-mail:
yyang_ynu@163.com.

o)dofE[0, te) L F.



